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(54) Selectively permeable hollow fiber membrane and process for producing same 



(57) A selectively permeable hollow fiber membrane 
for blood dialysis consisting substantially of a cellulose 
derivative, which has at least a dense layer on the in- 
nermost side and a porous layer of greater void percent- 
age on the outside, and a process for producing the se- 
lectively permeable hollow fiber membrane consisting 
substantially of a cellulose derivative, which comprises 



extruding a spinning solution containing a polymer con- 
sisting substantially of a cellulose derivative dissolved 
in an organic solvent, from an annular slit into a filamen- 
tous form, while simultaneously introducing a core ma- 
terial solution with a water content ol at least 50 wt% 
into the extruded filamentous body, and then immersing 
the filamentous body into a coagulating solution after 
passing it through a gas. 
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D script ion 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a selectively permeable hollow fiber membrane. More specifically, it provides a 
selectively permeable hollow fiber membrane which has a specific ultrafiltration rate and a specific overall mass transfer 
coefficient for dextran and sieving coefficient for albumin in dialyzers, has selective permeability to exhibit excellent 
10 separating performance, and which is suitable for such blood treatment as blood dialysis and blood filtration dialysis, 
being particularly suitable for removal of harmful substances in the medium high molecular weight range. 

2. Description of the Related Art 

15 Selectively permeable hollow fiber membranes have been used in common practice for reverse osmosis and blood 

dialysis. In particular, hollow tiber blood dialyzers are currently in wide use for purification of blood of kidney failure 
patients. Such dialyzers have a plurality of dialysis membranes, for example hollow fiber membranes in a cage-like 
housing, and the patient's blood is allowed to flow through the inner hollow while the dialyzing fluid is allowed to flow 
on the outside, i.e. between the hollow fibers, for dialysis through the hollow fiber membranes to remove waste products 
from the blood and rectify eleclrolyle concentrations, with ultrafiltration carried out by differential pressure between the 
inside and outside of the hollow fibers, to remove excess water from the blood. Hollow fibers are also sometimes used 
for treatment of autoimmune patients, by separating only the plasma from the blood, or by removing specific compo- 
nents from the plasma. Recently therapeutic effects have been confirmed for the use of hollow fibers in protein-per- 
meable blood dialysis and protein-permeable blood filtration dialysis. 

Such hollow fibers for blood processing must be selectively permeable to specific substances, depending on the 
purpose. Their performance is determined based on the material of the hollow fibers as well as the porosity (size and 
number of pores, etc.) and membrane thickness. 

incidentally, recent years have seen an emphasis on the need for removal of harmful substances in the relatively 
medium high molecular weight range which are related to long-term complications in dialysis patients, such as p 2 -MG 
(microglobulin) (molecular weight; 11,800) believed to be a causative substance of dialysis amyloidosis, parathyroid 
hormone (molecular weight: approximately 9,500) believed to be connected with itching sensation andhyperlipidemia, 
erythroblast inhibiting factor believed to be connected with anemia, and substances of molecular weight 20 to 40 thou- 
sand which are believed to be connected with arthralgia and ostealgia. On the other hand, loss of albumin (molecular 
weight: 66,000) which is essential to the human body must be avoided at all costs. In other words, there is a demand 
35 for selectively permeable membranes with a satisfactory sharp cut-off of molecular weight fractions, having excellent 
permeability to substances of molecular weight 40 to 50 thousand and lower while blocking substances of molecular 
weight 60,000 and greater. 

However, although conventional polysulfone and other synthetic polymers, for example as in Japanese Examined 
Patent Publication No. 2-18695 and No. 5-54373, have been relatively satisfactory in terms of the demands mentioned 
40 above, in the case of cellulose derivatives, particularly triacetates such as in Japanese Examined Patent Publication 
No. 58-24165, in order to use substances such as liquid paraffin, higher alcohols and isopropyl myristate, which have 
no coagulability for triacetate spinning solutions, as the core materials for wet spinning of the hollow fibers, it is nec- 
essary to increase the triacetate concentration in the spinning solution for higher spinnabilrty during spinning. Also, 
since hardening occurs with the coagulating solution on the outer surface of the hollowfibers after spinning the spinning 
^5 solution from the nozzle, a dense structure layer forms on the outer surface of the hollow fibers. 

For these reasons, conventional cellulose derivative hollow fibers have had a lower density difference between 
the structural dense layer and the porous layer in comparison to synthetic polymer membranes, almost to the point of 
becoming an entire uniform layer, and thus the substance permeability has been less than satisfactory. Attempts have 
therefore been made to improve the permeability by reducing the membrane thickness : but satisfactory results have 
not been achieved. In addition, since the difference between the dense layer and porous layer of the membrane struc- 
ture is poorly defined, there has been much room for improvement in terms of the fractionating properties for the 
permeating substances. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome these problems of the prior art by using a cellulose derivative 
polymer to provide a porous-dense structure similar to the structure of conventional synthetic polymers, and thus impart 
high molecular weight fractionating properties. It is a particular object to provide a selectively permeable hollow fiber 
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membrane which allows more efficient removal ol harmlul substances in the medium high molecular weight range, 
such as |U-Mw ^nrt nr>n-prrme«hihty of useful substances such as albumin, during blood dialysis and blood filtration 
dialysis hs wen «s r~. prsccss for its production. 

As a rcsun of diiiocnt icsonrch aimed at achieving this object, the present inventors have completed the present 
5 invention upon m.^ tindmci rw vastly superior separation performance is exhibited by blood purifiers employing hollow 
fibers havma n spec utir^hituiior rate and a specific overall mass transfer coefficient for dextran and sieving coef- 
ficient for albums 

In other wora-» r>o present nvcntion provides a selectively permeable hollow fiber membrane for blood dialysis 
consisting sub*.,;.^!..t!*> o» i cellulose derivative, which has at least a dense layer on the innermost side and a porous 

10 layer of grcatc vxj porcent^ge on the outside, which has an ultrafiltration rate (UFR) of at least 50 ml/mmHg-hr*m 2 
as measured w»r» punr* x; A.-rer at 37°C, which has an overall mass transfer coefficient (K 0 ) for dextran of at least 2.0 
x to -5 cm/ sec wv^ r*><^'ed using a 0.1 wt% aqueous solution of dextran of molecular weight 10,000 and a sieving 
coefficient lor att jm> t ■ . >: 4 , t of 0 1 or lower after one hour perfusion of bovine plasma, when the measurements are 
made with ihe rv>i ut.^r' r*v^t)r,mo incorporated into a dialyzer. 

75 The present r • ^u*. » tvfuv provides a process for producing a selectively permeable hollow fiber membrane 

consisting sucs:.^Tw*u ¥ o< , .--mio^o ocrrvative, which comprises extruding a spinning solution containing a polymer 
consisting subit-*-:^^ :- f * . • .->o^' derivative dissolved in an organic solvent, from an annular slit into a filamentous 
form, while sinun^n v. ^-,1, r^."XKjc nq .i core material solution with a water content of at least 50 wt% into the inside 
of the aforemcnt»orn >;.• »;■•■ ~> a • timer tous body, and then immersing the filamentous body into a coagulating solution 

20 after passing il tr>foi .jf ^ 

BRIEF DESCRIPTION t».l DRAWINGS 

Fig. 1 is an ciec ^-fOQ .ip^i t?0 DOOx) showing a cross-section of a hollow fiber membrane obtained in an 
25 example (includmq t-x* oc^-jc Liycr .md inc porous layer). 

Fig. 2 is an electron rruocxj'.o^ i00 OOOx) showing a cross-section of the dense layer of the hollow fiber membrane 
shown in Fig. 1. 

Fig. 3 is an electron mt-rocj'^ph (20 OOOx) showing a cross-section of a hollow fiber membrane obtained in another 
example (including i*>o rv»n«.r- u>o f and the porous layer). 
30 Fig. 4 is an elect m> ; roo'^pn (20, OOOx) showing a cross-section of a hollow fiber membrane obtained in a 

comparative example - 

DESCRIPTION OF iHl PREFERRED EMBODIMENTS 

35 The hollow fiber mcmb^rc ct the present invention is selectively permeable, and it is made of a cellulose derivative 

material, particularly ncctyt cciiutose among which are included commonly used polymers composed substantially of 
cellulose diacetate or ccHukdso triacetate. By "substantially" is meant that it may contain other polymers and additives 
so long as the properties oi tnc cciUlose derivative are not impaired. 

Regarding the wall oi tnc hollow liber membrane of the invention, it preferably has a double or multilayer structure 

40 which has conventionally t>ce^ achieved with synthetic polymers, that is, which combines an ultrathin dense layer and 
a porous layer which -c^n waistnnd mechanical flow pressure but lacks virtually any permeation resistance to sub- 
stances, in order to sep^rntc tnc functions of substance separation permeation properties and mechanical properties. 
In particular, when blood is processed by passing through the inside of the hollow fiber membrane, there is preferably 
at least a dense layer on the innermost side of the hollow fibers. A porous layer on the innermost side will result in 

45 adhesion of blood proteins toinai section or their invasion into the pores, thus posing the risk of obstructing permeation 
of substances. 

The ultrafiltration rate (UFRj oi the hollow fiber membrane of the invention measured with purified water at 37°C 
is at least 50 ml/mmHghi n^ jiuiuiribly at least 1 00 ml/mrnHg-hr-m 2 , and more preferably at least 200 ml/mmHg-hr-m 2 . 
Such high level ultrafiltiatujn i rt io& have been difficult to achieve with conventional membranes having relatively uniform 
50 structures. A UFR of this level allows a lower TMP (differential pressure on both sides of the hollow fiber membrane) 
for constant water drainage and minimizes adhesion of blood proteins to the hollow fiber membrane. For example, for 
dialysis of bovine blood. 2 liter drainage for 4 hours with a dialyzer having an effective surface area of 1 .5 m 2 requires 
a TMP of 20-30 mmHg when the dialyzer employs conventional cellulose acetate-based hollow fibers, but when the 
dialyzer employs hollow libors according to the invention, a TMP of about 1/2. i.e., less than 20 mmHg, for example 
55 between 1 0 mmHg and 20 mrr.Hg is adequate. Also, a high ultrafiltration rate indicates high permeation of low molecular 
weight substances including not only water mol cules, but also urea, creatinine and uric acid, and is therefore desirable 
for basic performance of the dialyzer 

One of the characteristics of the hollow fiber membrane of the invention is an overall mass transfer coefficient K 0 
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for dextran 10 : 000 of at least 2.0 x 10" 5 cm/sec, pref rably at least 4.0 x 10 s cm/sec, and more preferably at least 6.7 
x 10' 5 cm/sec, in a dialyzer in which the hollow fiber membrane is incorporated. As the method for measuring Kq, first 
a cylindrical vessel is filled with a bundle of the hollow fibers to a filling factor of about 52% and both ends are sealed 
fast with an adhesive, after which they are cut to open the hollow sections and then incorporated into a dialyzer with 
an effective membrane surface area of 1.5 m 2 , and the concentration in the effluent on the blood side is measured 
upon flowing a 0.1 wt% aqueous solution of dextran 10,000 through the blood side, i.e. the hollow section side at a 
rate of 200 ml/min at 37°C and flowing water on the dialysate side, i.e. the hollow fiber gap section side, at a rate of 
500 ml/min, after which K 0 is calculated from the following equation. The dextran concentration in the sampling solution 
is measured, for example, by the anthrone-sulfuric acid method. 

UK (1 -<V Q P> A 



Q B : flow rate on blood side (ml/sec) 
Q D : flow rate on dialysate side (ml/sec) 

DA: dialysance of dextran 10,000; measuring method based on evaluation method by the in vitro Evaluation Working 
Group of the Japan Committee on Dialysis Medicine Science 
20 A: hollow fiber membrane effective surface area (cm 2 ): membrane area based on inner diameter standard, with hollow 
fiber membrane in moistened state. 

The hollow fiber membrane of the invention is characterized by having a sieving coefficient for albumin (SC Alb ) of 
0.1 or lower, preferably 0.04 or lower, and more preferably 0.02 or lower, as measured after one hour perfusion of 
bovine plasma on the blood side, with the hollow fiber bundle incorporated into a dialyzer 
25 The hollow fiber membrane of the invention also has a sieving coefficient for dextran (SC DX ) of at least 0.05 in an 

aqueous solution of dextran of molecular weight 70,000, measured with the hollow fiber membrane incorporated into 
a dialyzer, and an SC Alb /SC DX ratio of 0.12 or less, and preferably 0.10 or less, for the sieving coefficient for albumin 
(SC A1b ) with respect to the SC DX , after one hour of perfusion of bovine plasma. 

It was found that membranes which have a thin dense layer on the inner side of the hollow fibers and a porous 
30 layer on the outer side in this manner exhibit a relatively high sieving coefficient for substances of middle high molecular 
weight such as dextran (molecular weight: 70,000) in aqueous solution systems, but that the sieving coefficient for 
albumin, which has a similar molecular weight, is smaller in plasma or total blood systems. It was found that while the 
sieving coefficient for filtration of middle high molecular weight substances in such cases is much lower in plasma 
systems than in aqueous systems, the permeability coefficient is virtually unaffected by diffusion. 

Hollow fiber membranes with a structure which exhibits no more than a given value of reduction in the sieving 
coefficient of middle high molecular weight substances in plasma systems compared to aqueous solutions, allow re- 
duction in permeation by filtration without decrease in permeation (dialyzing performance) by diffusion of the middle 
high molecular weight substances, to achieve a vast improvement in the separating properties for substances of mo- 
lecular weight approximately 10,000 and substances of molecular weight approximately 70,000, for example. 

Thus, the hollow fiber membrane of the invention has satisfactory permeation of water, low molecular weight sub- 
stances and dextran of molecular weight 10,000, and an adequately inhibited permeability for albumin of molecular 
weight approximately 66,000 through the hollow fiber membrane, for sharp fractionating properties between the two 
molecular weights. 

The method for measuring the sieving coefficient (SC) for albumin and dextran was based on the Bovine Plasma 
45 in vitro Evaluation Protocols and Function Classification for Blood Purifiers (issued 11/12/94). The concentration meas- 
urement was carried out with an A/G B-Testwako (Wako Junyaku, KK.). 

2C F 

SO ( C Bi +C Bo) 



C F : solution concentration on filtrate side 
C Bj : inlet solution concentration on blood side 
C^: outl t solution concentration on blood side 

The hollow fiber membrane of the present invention preferably has an ultrafiltration rate of at least 25 mlAnm- 
Hg-hr-m 2 when measured using bovine plasma at 37°C, with an ultrafiltration rate retention of 70% or greater, and 
especially 80% or greater, when filtering bovine plasma at a filtration rate of 10 ml/min per 1 m 2 of membrane area in 
a module prepared using the hollow fiber membrane. An ultrafiltration rate retention of below 70% is not preferred as 
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it may result in a large reduction in the filtration efficiency due to clogging, and also may cause a reduction in clearance 
of low molecular weight substances. 

The ultrafiltration rate retention according to the present invention is the ratio of the ultrafiltration rate at 4 hours 
after the start of the bovine plasma filtration, to the ultrafiltration rate at 15 minutes after the start of filtration. 
5 Retention rate = Properties at 4 hours after start of bovine plasma filtration / properties at 15 minutes after start of 
bovine plasma filtration 

The lower thickness of the dense layer on the innermost side of the hollow fiber membrane of the invention gives 
more excellent permeation properties, and is generally no more than 2 pm, through preferably between 0.2 jam and 1 
pm. At less than 0.1 pm the albumin fractionating property is impaired. 

10 The void percentage of the dense layer on the innermost side of the hollow fiber membrane is one of the factors 

determining the permeability and fractionating property, and to minimize loss of albumin during blood filtration dialysis, 
the void percentage is preferably not greater than 30%. The void percentage may be measured by calculation based 
on an electron micrograph (lO.OOOx magnification) of the hollow fiber membrane cross-section. Specifically, after black- 
ening the pore sections in the dense layer portion of the electron micrograph, the overall pore area of the dense layer 

*s (S^ and the area of the entire dense layer (S 2 ) are determined with an image processing apparatus, and the void 
percentage is calculated from the following equation. 



void percentage = (S,,/S 2 ) x 100 (%) 

20 

The structure of the membrane wall of the hollow fiber membrane of the invention is preferably a double or multilayer 
structure which has conventionally been realized with synthetic polymers, that is, which combines an ultrathin dense 
layer and a porous layer which can withstand mechanical flow pressure but has virtually no effect on permeation 
resistance to substances, in order to separate the functions of substance separation permeation properties and me* 
25 chanical properties. In particular, when blood is processed by passing through the inside of the hollow fiber membrane, 
there is preferably at least a dense layer on the innermost side of the hollow fibers. A porous layer on the innermost 
side will result in adhesion of blood proteins to that section, or their invasion into the pores, thus posing the risk of 
obstructing permeation of substances. The hollow fiber membrane of the present invention may also have a dense 
layer on the outermost side. 

30 The thickness of the hollow fiber membrane is preferably thin from the general standpoint of substance permeability 

but with the structure of the invention having 2 or more layers, it is preferably 15-60pm, and more preferably 20-55 
pm, and even more preferably 30-50 pm, considering the aspect of mechanical strength in light of the porous layer. 
Problems may occur when the membrane thickness is less than 15 pm such as failure to provide sufficient strength, 
and also when it is greater than 60 pm, such as lower dialysis efficiency. 

35 The inner diameter of the hollow fiber membrane of the invention is 100-300 pm,. and more preferably 1 50-250 

pm. When the inner diameter is less than 100 pm blood pressure loss increases drastically, sometimes causing hemo- 
lysis and clotting. A problem may also arise when the inner diameter is greater than 300 pm, in that the dialysis efficiency 
is lowered. 

The porosity of the hollow fiber membrane of the invention is prelerably 50-90%. When the porosity is lower than 
40 50%, the desired permeation performance may not be achieved. A problem may arise when it is greater than 90%, in 
that the mechanical strength of the hollow fiber membrane is reduced, often leading to leaking due to handling during 
production. 

The porosity is measured by washing the hollow fiber membrane in water for one hour, and then removing the 
water from the surface of the hollow fibers and inside the hollow fibers, measuring their weight (weight W.,), measuring 
45 the absolute dry weight of the hollow fiber membrane (weight W 2 ), and finally calculatingthe porosity from the following 
equation. 



porosity = (1-W 2 /W,) x 100% 

so 

The absolute dryness is the state after drying for 3.5 hours in a hot-air drier at 130?C. 

The hollow fiber membrane of the invention preferably has a breaking strength of at least 20 g, and more preferably 
at least 28 g. 

The sieving coefficient of the hollow fiber membrane of the invention for (^-microglobulin (p 2 -MG) is generally at 
ss least 0.5. The p 2 -MG sieving coefficient is preferably as high as possible, considering the need for removal of harmful 
substances in the relatively medium high molecular weight range, such as p 2 -MG (molecular weight: 11,800) which is 
believed to be a causative substance of dialysis amyloidosis, and substances of molecular weight 20 to 40 thousand 
which are bejieved to be connected with arthralgia and ostealgia. 
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Although a h qhor |U-MG sieving coefficient is preferr d, it is normally no higher than 0.95. 

Tho soifvtivoty pormrnhin hollow fiber membrane of the present invention preferably has shrinkage rate of no 
more than 7".. ,mo cspccnify no more than 6% in the lengthwise direction of the hollow fibers, upon 20 minute process- 
ing in 121°C s^iuf^too ah'ci vapor under substantially zero tension. 

The phrase *subsunt*~tiiy zero tension" means heat treatment in a state in which no deliberate tension is applied 
to the hollow 'iDcf memor-tnc However, measurement of the length of the hollow fiber membrane to calculate the 
shrinkage rntc it> c.v.co out while applying enough tension to eliminate large bends in the hollow fiber membrane. The 
shrinkage rntc it, oii:ui.i!c:J *s follows. 

{(length ot rofio* t»t>c: membrane before heat treatment-length of hollow fiber membrane after heat treatment) / 



w>natr-» of hollow fiber membrane before heat treatment} x 100 (%) 

75 

The length i<, men^'rci with tno noiicw fiber membrane in a moistened state. 

The hollow fit>- m^nc^ine ot mc invention which has been treated in this manner preferably has an ultrafiltration 
rate (UFR) of tOv rr> j h , rr^ Hi 57°c, and an overall mass transfer coefficient (Ko) for dextran of at least 4.0 x 
10 s cm/sec wncn tr e, t>ur :X3 ui,mq rt c i wt% aqueous solution ot dextran of molecular weight 10,000 and a sieving 

20 coefficient loi nibum,. .v-C AM -o" 0 00 o> lower after one hour perfusion of bovine plasma, when the measurement is 
made with the hcrf^* ttt^.*' rrH.'mbfr»r>e ncorporated into a dialyzer. 

A selectively pc^itxc hoJiow tit>cf membrane having the aforementioned superior properties may be produced 
by a process compr sr%q „«, explained nbove, extrusion of a spinning solution containing a polymer consisting sub- 
stantially of a cciiukx>o oortv iirvc dissolved in an organic solvent, from an annular slit into a filamentous form, with 

2$ simultaneous introduction o* .i co»c material solution with a water content of at least 50 wt% into the aforementioned 
extruded filamentous boo> ^nd men immersion of the filamentous body into a coagulating solution after passing it 
through a gas. 

The solvent lor t->e mtuicsc donative may generally be N-methylpyrrolidone, dimethylformamide, dimethylaceta- 
mide. dimethylsulloMdo n. mo i.ko because water has satisfactory compatibility with these organic solvents while 
30 coagulability is exhibitor tor mo coiuiose derivative dope. It is therefore possible to form a dense layer in the inside of 
the hollow fiber membrrinc b> using an aqueous solution as the core material for spinning. 

The aqueous soiut on used may generally be an aqueous solution of the above-mentioned solvent, and it may 
also contain a swell nq noem non-solvent or other additive. Swelling agents include formamide, urea, triethylphos- 
phate, glyoxai, butanoi isDpfooHncI etc. and non-solvents include ethylene glycol, triethylene glycol, polyethylene 
35 glycol, glycerine, propy enc g ycol alcohols, etc. 

When the water content ci the aqueous solution is under 50%, an ultrathin dense layer providing molecular weight 
fractionation for medium htqh molecular weight substances is not formed. The aqueous solution used as the core 
material must have a wHter content of at least 50 wt%, and preferably at least 70 wt%. 

On the other hand i( the water content of the aqueous solution is too high, coagulation of the dope ejected from 
40 the nozzle increases suddenly lowering the spinnability and tending to result in fiber breakage. For this reason, the 
spinning draft is preferably nc greater than 5 : and more preferably no greater than 3. The spinning draft is the ratio of 
the drawing rate of the hollow fibers with respect to the linear ejection rate of the dope from the nozzle. 

In the process ol the invention, preferably, a spinning solution of a cellulose derivative dissolved in an organic 
solvent which contains 0-50 wt~« ol a polyhydric alcohol and can dissolve the cellulose derivative, is ejected from a 
*s tube-in-orifice type nozzle using hs the core material an aqueous solution containing a total of 5-30 wt% of the polyhydric 
alcohol and the organic solvent and is then immersed in a coagulating solution after passing it through a gas for 
0.0001-0.02 minute. 

The polyhydric alcohol wuch rrirty be mixed with the organic solvent functions as a non-solvent for the cellulose 
derivative. Such polyhydric nlcohols include propylene glycol, ethylene glycol, triethylene glycol and polyethylene gly- 
>o col, of which propylene glycol is particularly preferred. 

The combination ol the organic solvent and the polyhydric alcohol is preferably a combination of N-methylpyrro- 
lidone and propylene glycol 

The concentration ol tho cellulose derivative in the spinning solution is not particularly limited, but is normally 5-18 
wt%, and preferably 10-15 wt% If it exceeds 18 wt% the porous support layer may exhibit a tendency toward greater 
>s density, thus notably lowering its ability to remove p 2 -MG, etc. If it is less than 5 wt% the viscosity of the spinning 
solution may become too low making it difficult to produce fibers. 

Th organic solvent/polyhydric alcohol ratio (wt) in the spinning solution is usually 100/0-50/50, preferably 
85/15-65/35, and more prelerably 83/17-70/30. 
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The core material forms a thin dense layer inside the hollow fibers which has excellent fractionating properties, 
and it is preferably an aqueous solution containing a total of 5-30 wt% of the organic solvent and the polyhydric alcohol 
used in the spinning solution, and is more preferably an aqueous solution containing them at a lower concentration of 
10-20 wt°o II ihe content is greater than 30 wt% the coagulation rate may be slowed drastically, making it difficult to 
5 lorm a aense layer, and if it is lower than 5 wt% the thickness of the dense layer may become too great, resulting in 
poor abthty to remove medium high molecular weight substances such as p 2 -MG. 

The coagulating bath must form a porous layer by causing mild coagulation of the outer layer of the hollow fibers, 
and »3r this purpose the total concentration of the organic solvent and the polyhydric alcohol (non-solvent) is preferably 
at least 20°o higher than in the core material, for example 20-45%, or preferably 25-40%. Specifically, it is preferred 
t? tn-»t no aqueous solution contain the organic solvent and polyhydric alcohol at a high total concentration of 30-70 wt%, 
rind prc'CfHbiy 40-60 wt%. At greater than 70 wt%, coagulation may become too slow resulting in poor spinnability, 
and m tewcr than 30 wt% the porous layer tends to become dense, often resulting in inferior ability to remove f} 2 -MG, etc. 

AccDfdmg to the invention, after the aforementioned spinning solution and core material are ejected from the 
no// c they arc preferably first passed through a gas region for 0.0001-0.02 minute before being immersed in the 
co.iq jLv.tng solution for coagulation. 

by pnss^gc inrough the gas.zone, coagulation of the inner layer section ot the hollow fibers proceeds more rapidly 
m-m me outer inycr section, forming a thin dense layer which determines the substance separating and permeation 
properties ot mc .nner side, and forming a porous layer serving as the support layer on the outer side which provides 
tno mcc^nicrti properties of the membrane, to thus obtain hollow fibers with high-performance with regard to selective 

pcrrnenbtMy 

p tit-j time shorter than 0.0001 minute, a dense layer may be generated on the outer layer as well, thus reducing 
the aoility to remove medium high molecular weight proteins such as p 2 ~MG. Conversely, if it is longer than 0.02 minute, 
the rnc la/cr densitication may proceed excessively, resulting in an overly thick dense layer and making it impossible 
lo obtain a membrane with the desired high-performance of selective permeability. 

The composition (wt) of a typical spinning solution may be selected in the range of cellulose derivative/solvent/ 
nc*vsolvont 5 15/55-75/10-38, preferably 10-15/58-72/13-30, and more preferably 11-14/60-70/17-21, with the total 
ot the components being 100. 

The compositional weight ratio of a typical coagulating bath may be selected in the range of solvent/non-solvent/ 
waior z 30-60- 1 5-30/30-65, and preferably 35-45/15-20/40-60, with the total of the components being 100. 
30 The compositional weight ratio of the core material may be selected in the range of solvent/non- solvent/water = 

5-25/2-15/70-95 and preferably 10-20/3-10/80-90, with the total of the components being 100. 

The spinning solution and the core material may preferably be ejected through air with a nozzle temperature of 
30-100 0 C. preferably 40-60°C, and then introduced into a coagulating bath at 20-60°C, and preferably 30-50°C. 

The hollow fibers coagulated in this manner may usually be washed with hot water, and then subjected to a process 
35 ol glycerin adhesion treatment and winding. For assembly into the form of a dialyzer, the hollow fiber membrane ob- 
tained in this manner is dried and bundled for insertion to fill a cylindrical container, and both ends are sealed fast with 
urethane 

The selectively permeable hollow fiber membrane obtained in this manner according to the invention may then be 
subjected to high-pressure steam sterilization. The conditions are usually a temperature of 100-1 30°C, preferably 
•*o 115-125°C. under a steam atmosphere, with treatment for 10 minutes to 1 hour. The pressure is determined as desired 
based on the temperature and atmosphere. 

This process results in moderate densitication of the structure of the hollow fiber membrane, and about a 40-80% 
reduction in the ultrafiltration rate for water, a 30-60% reduction in the permeation coefficient for dextran (molecular 
weight: 10.000) and a 50-70% reduction in the sieving coefficient for albumin 

After this moderate densitication has occurred, i.e. after heat sterilization, it is possible to obtain a useful hollow 
fiber membrane which is a high-performance membrane having an ultrafiltration rate of at least 100 ml/mmHg-hr-m 2 
for water at 37°C. a permeability coefficient of at least 4.0 x 10" 5 cm/sec for a 0.1 wt% aqueous solution of dextran 
(molecular weight. 10,000) and a sieving coellicienl of 0.03 or lower for albumin using bovine plasma, as well as the 
ability to r emove low molecular weight proteins such as (^-microglobulin, one of the causative substances complications 
50 associated with blood dialysis. 

The present invention will now be explained in more detail by way of the following examples which, however, are 
not intended to be restrictive on the invention in any way. In the examples, all "parts" are by weight. 

Examples 1-8 

55 

Spinning solutions comprising 13 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
in 67 parts of dimethylsulf oxide were ejected into air from a tube-in-orifice type nozzle using an aqueous solution of 
dimethylsulfoxide as the core material, after which they were fed through a coagulating solution and solidified, washed 
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10 



15 



with water, subjected to glycerin adhesion treatment, and then wound. Each of the resulting hollow fiber membranes 
was then dried and bundled, for insertion to fill a cylindrical container, and both ends were sealed fast with polyurethane 
to prepare a blood dialyzer with an effective area of 1.5 m 2 , upon which measurement was made of the in vitro ultra- 
filtration rate (UFR), measured with purified water the overall mass transfer coefficient (K 0 ) for dextran 10,000 and the 
sieving coefficient (SC) for albumin using bovine plasma. Meanwhile, a 0.05% solution of p 2 -MG in bovine plasma was 
used for about 4 hours of blood dialysis with a flow of 200 ml/min on the blood side and a dialyzing solution flow of 500 
ml/min. 

After calculating the p 2 -MG extraction ratio before and after dialysis, i.e. 

{(blood level before dialysis - blood level after dialysis) / blood level before dialysis} x 100 (%) 

compensation was made for the P 2 -MG concentrating effect by water drainage. 

The UFR reduction rate just after the start of dialysis and just before completion of the 4 hours was calculated as 
follows: 

20 {(UFR immediately after start of dialysis - UFR immediately before completion of dialysis) / UFR 

immediately after start of dialysis} x 100 (%) 

25 After completion of the dialysis, the amount of albumin in the total dialysate was measured and recorded as the albumin 
leakage. 

Table 1 shows the spinning conditions and the in vitro characteristic values and dialysis performance. The hollow 
fibers of the invention had a high p 2 -MG extraction ratio and low variation in the UFR over time as well as low leakage 
of albumin into the dialysate. 

30 



35 



40 



45 



SO 



55 



8 



EP 0 801 973 A1 



5 



10 



IS 



20 



25 



(0 



35 



40 



45 



50 



55 



Albumin 
leakage 

(mg) 


o 


O 
VO 

in 


OIL 


o 
o 

VO 


o 

CO 

^* 


o 
in 
^j* 


o 

f— < 


o 

00 


UFR 

reduction 
rate 
(%) 




m 


vo 




ro 


o 




in 


Extraction 
ratio for 


m 
in 


00 

m 


VO 


in 
m 


m 


o 
m 


in 
m 


rsi 

VO 


SC for 
albumin 


in 

o 
o 

o 


oo 
o 
o 

o 


C\) 

<— t 
O 

o 


o 
o 

o 


o 
o 

o 


in 
o 
o 

o 


r- 
o 
o 

o 


m 
o 
o 


K 0 for 

dextran 
10,000 
( cm/sec ) 


.o 

O 
t— I 
X 

r— i 
1 - 


r> 

O 
.—t 
X 
vo 

r^* 


-n 
O 

X 

m 

CO 


O 
H 

X 
r- 

r** 


i 

o 

H 

X 
ro 


n 

O 
i-H 

X 
cn 

vo 


1 

o 
*— t 
X 

in 


J-, 

o 

' — 1 

X 

m 


U 

x: 

cr: 

ZD 5 

e 


o 
in 


o 
m 

ro 


o 
« — ♦ 


o 
^* 
ro 


o 

CO 
CM 


o 
eg 

CN 


o 
o 


o 
oo 


Coagulation 
bath 

temperature 
(°C) 


O 
nr 


o 


o 


O 


O 


O 


o 


o 
m 


Air 

transit 
time 
( sec ) 


.—1 
o 


i— i 
o 


H 
O 


CO 

o 
o 


O 


CO 

o 


o 


r-t 

o 


Water in 
core 

material 

(%) 


o 
o\ 


o 

CO 


o 


o 

CO 


O 
CO 


o 

CO 


o 

CO 


o 

CO 




*— J 
X 

w 


CM 
X 

w 


m 
X 

w 


X 

w 


in 
X 

w 


vo 
X 

w 


X 

w 


CO 
X 



9 



EP 0 801 973 A1 



Examples 9-13 

Spinning solutions comprising 1 3 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
in 67 parts ol dtmethylsulfoxide were ejected into air (about 5 cm) from a tube-in-orifice type nozzle using aqueous 
solutons of dimethylsulfoxide/triethylene glycol = 67/20 (wt/wt) as the core material (see Table 2), after which they 
were led through a coagulating solution (50 wt% aqueous solution of dimethylsulfoxide/triethylene glycol = 67/20 (wt/ 
wt)> at the temperatures listed in Table 2 and solidified, washed with water, subjected to glycerin adhesion treatment, 
and then wound. The spinning rate was 30 m/m'm. Each of the resulting hollow fiber membranes was then dried and 
bundled inserted to fill a cylindrical container, and both ends were sealed fast with polyurethane to prepare a hollow 
hbc mcmcrrtnG dialyzer with an effective area of about 1.5 m 2 , upon which measurement was made of the in vitro 
ui rnrittratton rate (UFR), the overall mass transfer coefficient (K 0 ) for dextran 10,000 and the sieving coefficient (SC) 
tcy rtibumm using bovine plasma. 

CompHr^trvc Example 1 

A spmnmg solution comprising 20 parts of cellulose triacetate and 23 parts of propylene glycol uniformly dissolved 
m b/ pr-irts ot Nl-methyipyrrolidone was ejected into air from a double-barrel nozzle using liquid paraffin as the core 
rrntcririi nfier wTtch it was fed through a coagulating bath at 25°C consisting of a mixture of water, propylene glycol 
nnd N-mcthyipyfrohdone in a weight ratio of 80:6:14 and solidified, washed with water, subjected to glycerin adhesion 
treatment mid ihen wound. The core of the resulting hollow fiber membrane was taken out, and after washing with 
write- the hoik>w fiber membrane was inserted and filled into a cylindrical container, and then dried and sealed fast at 
both ends with po yurethane to prepare a blood dialyzer with an effective area of about 1 .5 m 2 , which was then subjected 
ion pcrlornrvincc evaluation by blood filtration. 

The results arc shown in Table 2 
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Electron micrographs of cross -sections of the hollow fiber membrane of Example 9 are shown in Figs. 1 and 2. It 
has an ultrathin dense layer of less than 2 urn on the inner side, and the void percentage of the dense layer is 18(%). 
High permeability is evidenced by a purified water ultrafiltration coefficient of 542, an overall mass transfer coefficient 
(K 0 ) for dextran (molecular weight: 10.000) of 12.8 x 10* 5 (cm/sec) and an overall mass transfer coefficient (K 0 ) for 
urea of 92 x 10* 5 (cm/sec). Also, the SC for albumin was 0.008 : demonstrating excellent albumin cutoff performance. 
Examples 2-5 show excellent performance in both the permeability for dextran (molecular weight: 10,000) and low 
molecular weight urea, and albumin SC of 0.01 or lower. 

Comparative Example 1 is a uniform membrane according to the prior art, which has low permeability for dextran 
(molecular weight: 10,000). 

Examples 14-18 

Spinning solutions comprising 1 3 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
in 67 parts of dimethylsulf oxide were ejected into air (about 5 cm) from a double-barrel nozzle using an 80 wt% aqueous 
solution of dimethylsulfoxide/triethylene glycol = 37/13 (wt/wt) as the core material, after which they were fed through 
a coagulating solution (50 wt% aqueous solution of dimethylsulfoxide/triethylene glycol = 37/13 (wt/wt)) and solidified, 
washed with water, subjected to glycerin adhesion treatment, and then wound. The spining rate was 30 m/min. Each 
of the resulting hollow fiber membranes was then dried and bundled, inserted to fill a cylindrical container, and both 
ends were seated fast with polyurethane to prepare a hollow fiber membrane dialyzer with an effective area of about 
1.5 m 2 , which was subjected lo a performance evaluation by blood filtration. The results are shown in Table 3. 

Comparative Example 2 

A spinning solution comprising 20 parts of cellulose triacetate and 23 parts of propylene glycol uniformly dissolved 
in 57 parts of N-methylpyrrolidone was ejected into air from a tube-in-orifice type nozzle using liquid paraffin as the 
core material, after which it was fed through a coagulating bath at 25°C consisting of a mixture of water, propylene 
glycol and N-methylpyrrolidone in a weight ratio of 80:8:12 and solidified, washed with water, subjected to glycerin 
adhesion treatment, and then wound. The core of the resulting hollow fiber membrane was taken out, and after washing 
with water, the hollow fiber membrane was inserted and filled into a cylindrical container, and then dried and sealed 
fast at both ends with polyurethane to prepare a blood dialyzer with an effective area of about 1.5 m 2 , which was then 
subjected to a performance evaluation by blood filtration. 

The results are shown in Table 3. 



Table 3 



Parameter 


Ex.14 


Ex.15 


Ex.16 


Ex.17 


Ex.18 


Comp. Ex.2 


Coagulation bath temp. (°C) 


60 


45 


60 


45 


45 


30 


Water in core material (wt%) 


85 


80 


85 


80 


80 


0 liquid paraffin 


Nozzle temp. (°C) 


50 


45 


50 


45 


45 


120 


Polymer concentration (wt%) 


14 


12 


13 


12 


12 


20 


Hollow fiber inner diameter (jam) 


150 


200 


198 


200 


200 


198 


Hollow fiber membrane thickness (u.rn) 


30 


40 


58 


40 


40 


18 


Porosity (%) 


58 


80 


71 


80 


80 


68 


Purified water ultrafiltration rate (ml/mmHg-hr-m 2 ) 


205.2 


812.4 


518.6 


820.1 


820.4 


151.3 


Ultrafiltration speed (ml/min) 


10 


10 


10 


20 


40 


10 


Blood ultrafiltration rate (ml/ 
mmHghr-m 2 ) 


After 15 mins 


43.8 


72.6 


61.8 


68.1 


68.7 


28.1 


After 4 hrs 


38.1 


70.4 


56.9 


63.3 


59.8 


19.1 


Retention (%) 


86.8 


96.6 


92.0 


93.1 


87.0 


68.2 


P 2 -MG sieving coefficient 


After 15 mins 


0.56 


0.81 


0.69 


0.76 


0.73 


0.58 


After 4 hrs 


0.49 


0.79 


0.63 


0.69 


0.65 


0.42 


Retention (%) 


86.9 


97.5 


91.3 


90.8 


89.7 


72.4 
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In Examples 14-1 6 ,the membranes each had a 2-layer structure comprising an approximately 1 pm ult rath in dense 
layer on the inner side and a porous support layer, with purified water ultrafiltration rales in a range of 205.2-812.4 ml/ 
mmHghrm 2 and blood ultrafiltration rate and P2-MG sieving coefficient retentions of 80% or greater, demonstrating 
very low deterioration of the hollow fiber membrane filtration performance, 
s In Examples 17 and 18, the blood ultrafiltration rate and p 2 -MG sieving coefficient retentions were 80% or greater 

even when the ultrafiltration speeds increased from 1 0 ml/min to 20 and 40 ml/min, demonstrating very low deterioration 
of the hollow fiber membrane filtration performance. 

Comparative Example 2 gives the blood ultrafiltration rate and (i 2 -MG sieving coefficient retentions for hollow fibers 
having a uniform dense membrane structure according to the prior art, using liquid paraffin as the core material, but 
10 filtration coefficient retentions for blood filtration showed a large reduction of 68.2%. 

An electron micrograph of a cross-section of the hollow fiber membrane of Comparative Example 2 is shown in 
Fig- 4- 



Examples 19-21 

1S 

Spinning solutions consisting ot dissolved systems comprising cellulose triacetate (acetylation: 60.5, polymeriza- 
tion degree: 360, product ol Dicell Chemical Industries, KK.), N-methylpyrrolidone (NMP) as a solvent and propylene 
glycol (PG) as a non-solvent polyhydric alcohol mixed in the proportions listed in Table 4, were ejected from a double- 
barrel nozzle using aqueous solutions with the NMP and PG compositions listed in Table 4 as the core solution, and 

20 were then passed through air for ihe distances listed in Table 4, after which they were fed through a coagulating solution, 
solidified, washed with water subjected to glycerin adhesion treatment, and then wound. Each of the resulting hollow 
fiber membranes was then dried and inserted into a cylindrical container, and both ends were sealed fast with poly- 
urethane to prepare a hollow fiber membrane dialyzer with an effective area of about 1.5 m 2 The purified water ultra- 
filtration rate (UFR), the (i 2 -MG sieving coefficient and the albumin sieving coefficient were measured in vitro. The 

25 results are shown in Table 4. 



Table 4 



Parameter 


Example 19 


Example 20 


Example 21 


Spinning solution 


cellulose triacetate (wt%) 


13 


* — 


15 


NMP (wt%) 


68 




67 


PG (wt%) 


19 




18 


Core material 


NMP (wt%) 


12 


* — 


16 


PG (wt%) 


3 




4 


water (wt%) 


85 




80 


Coagulating solution 


NMP (wt%) 


39 




<— 


PG (wt%) 


11 




<— 


water (wt%) 


50 


t— 


<r~ 


Spinning rate (m/min) 


30 


<— 


<— 


Air gap (mm) 


30 


100 


15 


Air transit time (min) 


0.001 


0.0033 


0.0005 


Hollow fibers 


inner diameter (pm) 


200 


* — 


<— 


membrane thickness (pm) 


40 




38 


porosity (%) 


80 


75 


68 


Performance 


UFR (ml/mmHg hr-m 2 ) 


680 


580 


450 


SC P2-MG 


0.81 


0.70 


0.65 


SCaJbumin 


0.01 


0.01 


0.01 


("<-■ signifies "same as left") 
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Example 22 

A spinning solution comprising 1 3 parts of cellulose triacetate and 20 parts of propylene glycol uniformly dissolved 
in 67 parts of N-methylpyrrolidone was ejected into air from a tube-in-orifice type nozzle using an aqueous solution of 
N-methylpyrrolidone as the core material, after which it was fed through a coagulating solution and solidified, washed 
with water, subjected to glycerin adhesion treatment, and then wound. The inner diameter of the resulting hollow fibers 
was 200 m, the membrane thickness was 35 um, the porosity was 80%, and the breaking strength was 30 g. After 
drying the resulting hollow fiber membrane, it was bundled, inserted to fill a cylindrical container, and both ends were 
sealed fast with polyurethane to prepare a blood dialyzer with an effective area of about 1 .5 m 2 . The UFR of the dialyzer 
was 500 ml/mrnHg-hr-m 2 

Examples 23-28 

Spinning solutions comprising cellulose triacetate and triethylene glycol uniformly dissolved in dimethylsulfoxide 
(DMSO) (triethylene glycol/DMSO = 2/7 (wt/wt)) were ejected into air from a tube-in-orifice type nozzle using different 
fluids as the core materials, after which they were fed through a coagulating solution and solidified, washed with water, 
subjected to glycerin adhesion treatment, and then wound. Each of the resulting hollow fiber membranes was dried 
and bundled, inserted to fill a cylindrical container, and both ends were sealed fast with polyurethane to prepare a 
blood dialyzer with an effective area of about 1 .5 m 2 . 

Table 5 shows the spinning conditions and the in vitro characteristic values and dialysis performance. The hollow 
fibers of the invention had a low sieving coefficient for albumin and high dialyzing performance for p 2 -microglobulin in 
plasma systems. 

The SC A1b /SC DX ratio shown in Table 5 is as mentioned herein-before. 
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Examples 29-31 



Spinning solutions consisting ot dissolved systems comprising cellulose triacetate (acetylation: 60.5, polymeriza- 
tion degree: 360, product of Dicell Chemical Industries, KK), N-methylpyrrolidone (NMP) as a solvent and propylene 

s glycol (PG) as a non-solvent polyhydric alcohol mixed in the proportions listed in Table 6, were ejected from a tube-in- 
orifice type using aqueous solutions with the NMP and PG compositions listed in Table 6 as the core solution, and 
were then passed through air for the distances listed in Table 6, after which they were fed through a coagulating solution, 
solidified, washed with water, subjected to glycerin adhesion treatment, and then wound. Each of the resulting hollow 
fiber membranes was then dried and inserted into a cylindrical container, and both ends were sealed fast with poly- 

10 urethane to prepare a hollow fiber membrane dialyzer with an effective area of about 1 .5 m 2 . The purified water ultra- 
filtration rate (UFR), the p 2 -MG sieving coefficient and the albumin sieving coefficient were measured in vitro. The 
results are shown in Table 6. 



Table 6 



Parameter 


Example 29 


Example 30 


Example 31 


Spinning solution 


cellulose triacetate (wt%) 


13 


12 


15 


NMP (wt%) 


68 


69 


66.5 


PG (wt%) 


19 


19 


18.5 


Core material 


NMP (wt%) 


12 


8 


16 


PG (wt%) 


3 


2 


4 


water (wt%) 


85 


90 


80 


Gas phase distance (cm) 


3 


3 


3 


Coagulating solution 


NMP (wt%) 


39 


26 


36 


PG (wt%) 


11 


14 


19 


water (wt%) 


50 


60 


45 


Hollow fibers 


inner diameter (pm) 


200 


200 


200 


membrane thickness (um) 


40 


38 


40 


porosity (%) 


80 


84 


70 


Performance 


UFR (ml/mmHg hr-m 2 ) 


680 


630 


550 




0.81 


0.75 


0.70 


^albumin 


0.01 


0.01 


0.01 



Examples 32 and 33 



Hollow fiber membrane dialyzers were prepared by the same procedure as Example 29, except for using dimeth- 
ylsulfoxide (DMSO) as the solvent and triethylene glycol as the non-solvent polyhydric alcohol. 
The results are shown in Table 7. 

Table 7 



Parameter 


Example 32 


Example 33 


Spinning solution 


cellulose triacetate (wt%) 


13 


12 


DMSO (wt%) 


67 


68 


TEG (wt%) 


20 


20 


Core material 


DMSO (wt%) 


20 


12 


TEG (wt%) 


0 


3 


water (wt%) 


80 


85 
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Table 7 (continued) 



Parameter 


Example 32 


Example 33 


Gas phase distance (cm) 


3 


3 


Coagulating solution 


DMSO (wt%) 


37 


39 


TEG (wt%) 


13 


11 


water (wt%) 


50 


50 


Holiow tibers 


inner diameter (urn) 


200 


200 


membrane thickness (p.m) 


40 


40 


porosity (%) 


80 


83 


Performance 


UFR (ml/mmHg -hr-m 2 ) 


700 


720 




0.80 


0.82 


SC a lbumin 


0.01 


0.01 



Examples 34-37 

Spinning solutions comprising 13 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
in 67 parts of dimethylsulfoxide were ejected into air from a tube-in-orifice type nozzle using an aqueous solution of 
dimethytsutfoxide as the core material, after which they were fed through a coagulating solution and solidified, washed 
with water, subjected to glycerin adhesion treatment, and then wound. The resulting hollow fibers had an inner diameter 
of about 200 (am and a membrane thickness of about 45 um Each of the resulting hollow fiber membranes was then 
dried and bundled, inserted to till a cylindrical container, and both ends were sealed fast with polyurethane to prepare 
a blood dialyzer with an effective area of about 1 .5 m 2 , upon which in vitro measurement was made of the overall mass 
transfer coefficient (Kq) for dextran 10,000 and the sieving coefficient (SC) for albumin using bovine plasma. The results 
are shown in Table 8. 



Table 8 





DMSO 
concentration 

of core 
material (%) 


Outer diameter 
ot annular slit 
[mmO] 


Spinning draft 
H 


Spinning 
breakage 
[times/hr] 


K 0 (DX 10000) 
[cm/sec] 


SC(Alb) [-] 


Ex. 34 


20 


0 35 


1.5 


0 


10.4x10 s 


0.010 


Ex. 35 


30 


0.35 


1.5 


0 


11.5X10 5 


0.016 


Ex. 36 


20 


0.40 


2.0 


0 


9.8x1 0" 5 


0.008 


Ex. 37 


30 " 


0.40 


2.0 


0 


11.6x10 s 


0.010 



Table 8 shows the spinning conditions, spinning behavior and the in vitro performance. The process for producing 
hollow fibers according to the invention allowed stable production with good spinning behavior of the selectively per- 
meable hollow fiber membranes, and with a large Kq for dextran 10,000, a small albumin sieving coefficient, and sat- 
isfactory fractionating properties. 



Examples 38-45 

Spinning sotutions comprising 1 3 parts of cellulose triacetate and 20 parts ot propylene glycol uniformly dissolved 
in 67 parts of N-methylpyrrolidone were ejected into air from a tube-in-orifice type nozzle using an aqueous solution 
of N-methylpyrrolidone as the core material, after which they were fed through a coagulating solution and solidified, 
washed with water, subjected to glycerin adhesion treatment, and then wound. Each of the resulting hollow fiber mem- 
branes was then dried and bundled, inserted to fill a cylindrical container, and both ends were sealed fast with poly- 
urethane to prepare a blood dialyzer with an effective area of about 1.5 m 2 , upon which the UFR, K 0 for p 2 -MG and 
the SC for albumin were measured in vitro using bovine plasma. Also, a 0.05% solution of (i 2 -MG in bovine plasma 
was used tor about 2 hours ot blood dialysis with a flow ot 200 ml/min on the blood side and a dialyzing solution flow 
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of 500 ml/mm 

After r.ainiUiiinrj thn (U-MG extraction ratio before and after dialysis, compensation was made for the P 2 -MG con- 
centrating cttcct by WHlcr drn nH^c 

The UFR rocuchor rntc just nfler the start of dialysis and just before completion of the 2 hours was calculated. 
5 After completion of the ovirysis the amount of albumin in the total dialysate was measured and recorded as the albumin 
leakage 

Table 9 srowi, the spinning conditions and the in vitro characteristic values and dialysis performance. The hollow 
fibers of the invent cr* n -»d h high |S ? -MG extraction ratio and low variation in the UFR over time as well as low leakage 
of albumin into the c*^tys*~»:c 

10 



15 



20 



25 



30 



35 



40 



45 



SO 



18 



EP 0 801 973 A1 



c 0) 

-H CJ> 
XJ *0 



CP 

a 



o 

Cxj 



O 
CD 



o 

O 

m 



o 



o 
tn 



C 

o 
u 

a Q) 
CX -Q 4J 

o> *a 



00 



o 



o 



to 
m 



CM 



c 

O £ 

XI 
U H 
CO (0 



O 

o 
o 



oo 
o 



i — t 
o 

o 



r— I 

o 



CM 

o 
o 



m 

CM 

o 



u 

o o 
i 

CD rvj 



X 



X 



X 

m 



X 
rn 



X 



X 



X 

m 



oo 



in 

CO 



tn 
c 

4~> 



00 

o 



0) 

M CL, 

M E 

o a> 

2: jj 



o 
in 



o 
m 



o 
in 



o 
m 



m 
m 







< — 1 






CD 


fO 






u 


*H 






o 




dp 


<d 


u 


0) 








4-> 




<o 


c 








-4 


6 





o 



OO 
on 



O 
CO 



X 
CO 



O 



X 
CO 



o 

CO 



X 
CO 



O 
CO 



X 
CO 



o 

CO 



X 
CO 



o 

CO 



in 



X 
CO 



19 



EP 0 801 973 A1 



Examples 46-49 

Spinning solutions comprising 13 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
in 67 parts of dimethylsulfoxide were ejected into air from a tube-in-orifice type nozzle using an aqueous solution of 
dimethylsulfoxide as the core material, after which they were fed through a coagulating solution and solidified, washed 
with water, subjected to glycerin adhesion treatment, and then wound. Each of the resulting hollow fiber membranes 
was then dried and bundled, inserted to fill a cylindrical container, and both ends were sealed fast with polyurethane 
to prepare a blood dialyzer with an effective area of about 1 .5 m 2 , upon which in vitro measurement was made of the 
ultrafiltration rate (UFR), the overall mass transfer coefficient (K 0 ) for dextran 10,000 and the sieving coefficient (SC) 
for albumin using bovine plasma. 



Table 1 0 





Nozzle temp. 
(°C) 


Water content 
of core material 
(%) 


Porosity (%) 


UFR (ml/mmHg 
•hr-m 2 ) 


K 0 (DX10000) 
[cm/sec] 


SC(Alb) [-] 


Ex.46 


50 


80 


80 


950 


11.5x10- 5 


0.015 


Ex.47 


50 


90 


78 


830 


1 0.4x1 0- 5 


0.010 


Ex.48 


40 


80 


76 


760 


9.3x10- 5 


0.008 


Ex.49 


60 


80 


82 


1130 


1 3.8x1 0" 5 


0.023 



Table 10 shows the spinning conditions and the in vitro characteristic values and evaluated parameters for Exam- 
ples 46-49. 

The hollow fibers of the invention had satisfactory molecular weight fractionating properties, including high drainage 
performance and dextran 10,000 permeability, with minimized permeation of albumin. 



Examples 50-52 

Spinning solutions comprising 13 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
in 67 parts of dimethylsulfoxide were ejected into air from a tube-in-orifice type nozzle using an aqueous solution of 
dimethylsulf oxide/triethylene glycol as the core material, after which they were fed through a coagulating solution (aque- 
ous solution of dimethylsulfoxide/triethylene glycol) and solidified, washed with water, subjected to glycerin adhesion 
treatment, and then wound. Each of the resulting hollow fiber membranes was then dried and bundled, inserted to fill 
a cylindrical container, and both ends were sealed fast with polyurethane to prepare a preliminary membrane blood 
dialyzer with an effective area of about 1 .5 m 2 which was then treated in a water vapor atmosphere at 121°C for 20 
minutes to obtain a blood dialyzer according to the invention, and finally each of the dialyzers was subjected to in vitro 
measurement of the ultrafiltration rate (UFR), the overall mass transfer coefficient (K 0 ) for dextran 10,000 and the 
sieving coefficient (SC) for albumin using bovine plasma. The results are shown in Table 11. 
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As shown in Table 11, in Example 50 the membrane permeability of the preliminary membrane was increased for 
an ullratillration rate for water of at least 830 ml/mrnHg-hr-rn 2 , an SC for albumin of 0.06 and a K 0 for dextran 10,000 
of 12 0 x 10 5 cm/sec, to obtain a hollow fiber membrane after high pressure steam sterilization with an ultrafiltration 
rale lor water of 180 ml/mmHg-hr-m 2 , a K 0 for dextran 10,000 of 5.28 x 10~ 5 cm/sec, and an SC for albumin of 0.26, 
thus giving an albumin cutoff providing. excellent permeation performance. An electron micrograph of a cross-section 
of the hollow fiber membrane of Example 50 is shown in Fig. 3. 

In Examples 51 and 52, the ultrafiltration rate for water, the SC for albumin and the Ko for dextran 10,000 were 
even lurthcr increased for the preliminary membrane prior to high pressure steam sterilization, to obtain hollow fibers 
with bon excellent permeation performance and fractionating properties after high pressure steam sterilization. The 
membrane structure, as shown in the electron micrograph of Example 1, included a dense layer of about 0.6 jim on 
the mnoi side and the hollow fiber membrane was asymmetrical with a spongy phase separation structure across the 
inner nnd cuter layers. 

Examples 53-55 

Spinnmcj solutions comprising 13 parts of cellulose triacetate and 20 parts of triethylene glycol uniformly dissolved 
m t>/ Qn'Xs di dtmothylsulfoxide were ejected into air from a double barrel nozzle using an aqueous solution of dimeth- 
yisurtoxide v (ethylene glycol as the core material, after which they were fed through a coagulating solution (aqueous 
soiuton or oirrctryisulfoxide/triethylene glycol) and solidified, washed with water, subjected to glycerin adhesion treat- 
ment rind .hen wound. Each of the resulting hollow fiber membranes was then dried and bundled, inserted to fill a 
cylmUnoii contrimei. and both ends were sealed fast with polyurethane to prepare a blood dialyzer with an effective 
rite* oi ribC'Ui i 5 m 2 . which was then treated in a water vapor atmosphere at 121°C for 20 minutes to obtain a blood 
di^iy/cr rtnd finally each of the dialyzers was subjected to in vitro measurement of the ultrafiltration rate (UFR), the 
overall fTujos transfer coefficient (K 0 ) for dextran 10,000 and the sieving coefficient (SC) for albumin using bovine 
pl.isrvj The results arc shown in Tabic 12. Also, the results of measurements taken before heat treatment are shown 
in Tablo 1 3 



Table 12 



No 


Nozzle 
temp (°C) 


Water 
content of 

core 
material (%) 


Coagulating 
bath temp. 
<°C) 


Shrinkage 
of hollow 

fiber 
membrane 
under no 
tension (%) 


Performance as dialyzer after high pressure 
vapor sterilization 












UFR (ml/ 
mmHg-hr-m 2 ) 


K 0 (DX 
10000) (enrv* 
sec) 


SC (Alb) (-) 


Ex.53 


60 


85 


40 


6.2 


510 


7.6x10- 5 


0.018 


Ex.54 


50 - 


85 


40 


6.0 


460 


7.1X10" 5 


0.015 


Ex.55 


60 


80 


40 


6.3 


530 


7.8x10 s 


0.020 



Table 13 





UFR (ml/mmHghr-m 2 ) 


Kq (DX 10000) (cm/sec) 


SC (Alb) (-) 


Reference Example 1 


890 


15.7X10" 5 


0.032 


Reference Example 2 


820 


13.8x10-5 


0.025 


Reference Example 3 


940 


16.3x10-5 


0.036 



As shown in Table 12, in Examples 53-55 the shrinkage rate of the hollow fiber membranes after heat treatment 
at 121°C for 20 minutes under no tension were under 7%, and when the hollow fiber membranes incorporated into 
blood dialyzers were subjected to high pressure steam sterilization there was no deformity in shape, while the per- 
formance as dialyzers demonstrated selective permeability, exhibiting permeability to substances in a wide molecular 
weight range from water to dextran 10,000 while also minimizing permeation of albumin. 

Also, upon heat treatment for comparison with the membranes prior to heat treatment, the permeation performance 
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(or water, dextran 10,000 and albumin was poorer but sufficient performance was exhibited tor substances of medium 
molecular weight from water to dextran 10,000, while from the standpoint of densification and shrinkage of the hollow 
fiber membranes due to the heat treatment, the selectively permeable hollow fiber membranes with shrinkage of under 
7% sustained their performance as blood dialyzers. 



Claims 

1. A selectively permeable hollow fiber membrane for blood dialysis consisting substantially of a cellulose derivative, 
10 which has at least a dense layer on the innermost side and a porous layer of greater void percentage on the 

outside, which has an ultrafiltration rate (UFR) of at least 50 ml/mmHghr-m 2 as measured with purified water at 
37° C, which has an overall mass transfer coefficient (K 0 ) for dextran of at least 2.0 x 1Ct 5 cm/sec when measured 
using a 0.1 wt% aqueous solution of dextran of molecular weight 10,000 and a sieving coefficient for albumin 
(SC A | b ) of 0.1 or lower after one hour perfusion of bovine plasma, when the measurement is made with the hollow 
15 fiber membrane incorporated into a dialyzer. 

2. A hollow fiber membrane according to claim 1 , wherein said ultrafiltration rate (UFR) is at least 1 00 ml/mmHg-hr-m 2 . 

3. A hollow fiber membrane according to claim 1 , wherein said overall mass transfer coefficient (K 0 ) for dextran is at 
20 least 4.0 x 10 s cm/sec. 



4. A hollow fiber membrane according to claim 1 , wherein said sieving coefficient for albumin (SC Ajb ) is 0.04 or lower. 

5. A hollow fiber membrane according to claim 1, wherein the sieving coefficient for dextran (SC DX ) is at least 0.05 
25 when measured using a 0. 1 wt% aqueous solution of dextran of molecular weight 70,000 and the SC Alb /SC DX ratio 

is less than 0.12 for the sieving coefficient for albumin (SC Alb ) after one hour of perfusion of bovine plasma. 

6. A hollow fiber membrane according to claim 1 , wherein the ultrafiltration rate (UFR) is at least 25 ml/mmHg-hr-m 2 
as measured with bovine plasma at 37°C, with an ultrafiltration rate retention of 70% or greater after 4 hours 

30 perfusion of bovine plasma. 

7. A hollow fiber membrane according to claim 6, wherein said UFR retention is at least 80%. 

8. A hollow fiber membrane according to claim 1 , wherein the thickness of said dense layer is 0.2-2 pm, and the void 
35 percentage is 30% or lower. 

9. A hollow f iber membrane according to claim 8, wherein the inner diameter of said hollow fiber membrane is 1 00-300 
um, the membrane thickness is 15-60 pm, and the breaking strength is at least 20 g. 

40 10. A hollow fiber membrane according to claim 1 , wherein said hollow fiber membrane has a dense layer on the 
outermost side. * 

11. A hollow fiber membrane according to claim 1 , wherein the ultrafiltration rate (UFR) of said hollow fiber membrane 
at 37°C upon 20 minute processing in 121°C saturated steam under substantially zero tension is at least 100 ml/ 
45 mmHghr-m 2 the overall mass transfer coefficient (K 0 ) for dextran is at least 4.0 x 10' 5 cm/sec when measured 

using a 0.1 wt% aqueous solution of dextran of molecular weight 10,000 and the sieving coefficient for albumin 
(SC Alb ) is 0.03 or lower after one hour perfusion of bovine plasma, when the measurement is made with the hollow 
fiber membrane incorporated into a dialyzer. 

50 12. A process for producing a selectively permeable hollow fiber membrane consisting substantially of a cellulose 
derivative, which comprises extruding a spinning solution containing a polymer consisting substantially of a cellu- 
lose derivative dissolved in an organic solvent, from an annular slit into a filamentous form, while simultaneously 
introducing a core material solution with a water content of at least 50 wt% into said extruded filamentous body, 
and then immersing the filamentous body into a coagulating solution after passing it through a gas. 



55 



13. The process according to claim 12, wherein said filamentous body is drawn out at a spinning draft of 5 or less. 

1 4. The process according to claim 1 2, wherein said organic solvent is a cellulose derivative-dissolving organic solvent 
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containing 0-50 wt% of a polyhydric alcohol. 

15. The process according to claim 14, wherein the cellulose derivative content of said spinning solution is 5-18 wt%. 

16. The process according to claim 1 2, wherein the extruding temperature of said spinning solution from said annular 
slit is 30-100°C. 

17. The process according to claim 12, wherein said core material solution is an aqueous solution of a cellulose de- 
rivative-dissolving organic solvent containing 0-50 wt% of a polyhydric alcohol. 

18. The process according to claim 17, wherein the total content of said polyhydric alcohol and said organic solvent 
in said core material solution is 5-30 wt%. 

19. The process according to claim 12, wherein the gas transit time of said filamentous body is 0.0001-0.02 minute. 

20. The process according to claim 12 : wherein said gas is air. 

21. The process according to claim 12, wherein said coagulating solution is an aqueous solution of a cellulose deriv- 
ative-dissolving organic solvent containing 0-50 wt% of a polyhydric alcohol. 

22. The process according to claim 17, wheiein said coagulating solution is an aqueous solution of a cellulose deriv- 
ative-dissolving organic solvent containing 0-50 wt% of a polyhydric alcohol. 

23. The process according to claim 22, wherein the total content of said polyhydric alcohol and said organic solvent 
in said coagulating solution is at least 20% higher than the total content of said polyhydric alcohol and said organic 
solvent in said core material solution. 



24. A selectively permeable hollow fiber membrane for blood dialysis consisting substantially of a cellulose derivative, 
obtainable by extrusion of a spinning solution containing a polymer consisting substantially of a cellulose derivative 
30 dissolved in an organic solvent, from an annular slit into a filamentous form, with simultaneous introduction of a 

core material solution with a water content of at least 50 wt% into said extruded filamentous body, followed by 
immersion of the filamentous body into a coagulating solution after passing it through a gas, and which has at least 
a dense layer on the innermost side and a porous layer of greater void percentage on the outside. 

35 
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Fig. 3 
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Fig. A 
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